Toxic nitro-compounds, such as 4-nitrophenol, are one of the most common wastewater industrial pollutants. Thus, efficient ways to neutralize them are actively pursued. Here novel procedures to degrade these types of compounds based on the use of mesoporous magnetic nanowires are demonstrated. Fully-mesoporous magnetic narrow (25 nm) CoPt nanowires with an extraordinary effective area are grown using ionic liquid-in-water microemulsions in alumina templates. These mesoporous nanowires are shown to be efficient catalysts for the hydrogenation of 4-nitrophenol by electrocatalysis. Additionally, these nanowires also present exceptional conventional catalytic activity when used in conjunction with NaBH 4 , particularly when magnetic stirring is utilized. In fact, magnetically actuated mesoporous CoPt nanowires drastically outperform all state-of-the-art 4-nitrophenol catalysts. Additionally, given their magnetic character, these nanowires can be easily recycled and reused. Thus, the outstanding catalytic performance of mesoporous CoPt nanowires makes them excellent candidates for wastewater treatment agents.
Introduction
Aromatic nitro-compounds such as nitrobenzene, nitrophenols and nitrotoluenes, which have considerable toxic effects on humans, animals and plants, even at very low concentrations, are rather common in natural water.
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Most of these compounds have been included as hazardous chemicals in the environmental legislation of many countries. 5, 6 In fact, it is well known that nitrophenol and its derivatives are among the most refractory pollutants in industrial wastewater as resulting from the production process of insecticides, synthetic dyes or herbicides. [7] [8] [9] Additionally, the conversion of aromatic nitro-compounds, especially with functionalized groups, into anilines ranks among the most important reactions in organic chemistry due to their broad range of applications, since they are key intermediates in the manufacturing of pharmaceuticals, agrochemicals, dyes and pigments. [10] [11] [12] [13] Nowadays, to neutralize these harmful chemicals, non-catalytic reductions with reducing agents such as sulphides and Fe are used. Unfortunately, these processes generate large amounts of residues.
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Compared with those conversion routes, catalytic reduction using sodium borohydride as a reducing agent in aqueous media is a relatively simple and clean method. [17] [18] [19] However, the efficacy of this type of approach still remains moderate. Hence, there is a strong need to develop more efficient, inexpensive and environmentally friendly catalytic alternatives to convert 4-nitrophenol (4-NP) to 4-aminophenol (4-AP) with high catalytic activity and good chemoselectivity.
Interestingly, Pt-group metals present high catalytic activity for hydrogenation of nitro-compounds due to their high ability for H 2 generation. Nevertheless, they show poor chemoselectivity. [20] [21] [22] However, chemoselectivity can be enhanced with the aid of transition metals. It is actually well known that cobalt or cobalt and iron oxide-based catalysts deliver excellent chemoselectivity for hydrogenation reactions. [23] [24] [25] Therefore, the development of Co-Pt catalysts could be interesting for the hydrogenation of 4-nitrophenol given their potential to increase the activity and selectivity for these reactions. Moreover, Co-Pt alloys also exhibit tuneable magnetic properties depending on their composition, which allow them to be remotely actuated by means of external magnetic elds. This provides an excellent strategy to recover and recycle catalysts for iterative uses or to guide them to specic locations within the liquid. recent years as an advantageous tool to boost the activity of catalysts. Particularly, open-cell porous and especially mesoporous (i.e., with pore sizes ranging between 2 and 50 nm) nanostructures, have rapidly developed as potential catalysts due to their low density, high surface area, and presence of large amounts of interstitial hollow cavities in the interconnected porous network. [29] [30] [31] Hence, within this framework, the development of CoPt mesoporous nanostructures could be a promising way to improve the yield in the catalysis of the hydrogenation of 4-NP to 4-AP.
Over the last few years, the formation of well-dened mesoporous metallic nanostructures by means of the so-templating method based on the use of liquid crystals or micellar solutions has been established as a promising fabrication strategy.
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Very recently, the use of microemulsions has been proposed as a general electrochemical pathway for the shape-controlled synthesis of mesoporous nanomaterials. [35] [36] [37] [38] However, due to the relatively high viscosity of the microemulsion, the electrochemical growth of mesoporous nanowires (NWs) inside the nanochannels of alumina or polycarbonate membranes remains challenging, given the difficulty of properly lling the narrow pores with the electrolyte.
Here, we rst demonstrate the feasibility to grow magnetic mesoporous Co-Pt alloyed NWs with 25 nm diameter by electrodeposition using an ionic liquid-in-aqueous solution (IL/W) microemulsion. Then, we demonstrate that these mesoporous NWs show excellent performance during the electrocatalysis and catalysis for the hydrogenation of 4-NP, which is maintained aer the NWs have been recycled and reused several times. Moreover, pure Co and Pt mesoporous NWs were also synthesised and tested in order to demonstrate the excellent catalytic performance of the mesoporous alloyed Co-Pt NWs as a consequence of their combined stability, magnetic behaviour, catalytic activity and chemoselectivity. Importantly, we show that magnetic actuation (magnetic stirring) can be used as an excellent tool to drastically boost the performance of the catalysis of 4-NP hydrogenation in both conventional catalysis and electrocatalysis. Hence, this simple novel procedure results in mesoporous CoPt NWs that remarkably outperform all state-of-the-art 4-NP hydrogenation catalysts.
Experimental section

Electrochemical media
The electrochemical media used to prepare NWs were: (Merck, >98%).
(ii) Mesoporous nanowires. Ionic-liquid in water (IL/W i ) microemulsions, prepared by mixing the aqueous solution (W i ), surfactant (S) -p-octyl poly(ethyleneglycol) phenyl ether a.k.a. Triton X-100 (Acros Organics, 98%) -and ionic liquid (IL) -1-butyl-3-methylimidazolium hexauorophosphate a.k.a. bmimPF 6 , C 8 H 15 F 6 N 2 P, (Solvionic, 99%) -in a 15.1 wt% of S/1.1 wt% of the IL/83.8% of the W i proportion. [35] [36] [37] [38] [39] Co-Pt mesoporous NWs were synthesised using the above-mentioned aqueous solution (W 1 ).
Alternatively, mesoporous NWs of pure Co and Pt were prepared using W 2 -2.5 mM CoCl 2 $6H 2 O (Carlo Erba, >98.0%) + 0. The mixture was stirred for 5 min under magnetic stirring (300 rpm) and argon bubbling, which prompted transparent, isotropic, thermodynamically stable microemulsions. All solutions were prepared with deionized water (Millipore Q-system) with a resistivity of 18.2 MU cm. The physicochemical parameters for both aqueous solution and microemulsions were also determined. The electrical conductivity was measured using a Crison™ Conductimeter GLP31 with a 52-92 Crison™ conductivity cell (1 cm À1 of the cell constant). The viscosity measurements were performed using an Ostwald viscometer. Finally, the droplet size and polydispersity index of the microemulsion were analysed by dynamic light scattering (DLS) with a Zetasizer Nano ZS (Malvern™ instruments). All the measurements were performed in triplicate.
Electrochemical synthesis
The electrochemical experiments were carried out using a microcomputer-controlled potentiostat/galvanostat Autolab with PGSTAT30 equipment and the GPES soware. The electrodeposition process was performed at room temperature (25 C), using a three-electrode electrochemical system, in potentiostatic mode. To dene the NWs, nanoporous alumina membranes of 25 nm pore diameter and 50 mm thickness (SmartPor membranes; obtained from SmartMembranes GmBH, Halle-Saale) were used as the working electrode. To render the membrane conductive, a 100 nm-thick gold layer was deposited on one side using e-beam evaporation. The Au-capped membranes were placed in contact with each of the electrochemical media at least 15 min prior to the electrodeposition, in order to ensure a uniform lling of the pores, to establish uniform NW growth. The reference and counter electrodes were an Ag/AgCl/KCl (3 M) electrode and a Pt spiral, respectively. The electrochemical media were de-aerated by argon bubbling before each experiment and maintained under an argon atmosphere during it.
Materials characterization
Aer the deposition, the NWs were released from the alumina membrane rstly by removing the Au layer (with a saturated solution of I 2 /I À ) and subsequently dissolving the alumina membrane in a 1 M NaOH solution for 30 min under ashing ultrasound stirring. The released NWs were cleaned with 0.1 M NaOH solution (Â5) and Millipore water (Â5), also under ashing ultrasound stirring.
The morphology of the NWs was examined by using transmission electron microscopy (JEOL 2010F and JEOL 2100). The elemental composition was determined by energy-dispersive X-ray analysis incorporated into a JSM-7100 scanning electron microscope.
X-ray powder diffraction (XRPD) measurements were performed with a PANalytical X'Pert PRO MPD diffractometer in the Bragg-Brentano reection q/2q geometry, using Cu K a radiation (l ¼ 1.5418Å). XRPD patterns were obtained aer q/2q scans from 20 to 120 2q, with a step size of 0.017 2q and a measuring time of 200 seconds per step and repeating the measurement six times to acquire sufficient statistics. The NW samples (compact and mesoporous) were prepared by deposition of a few drops of a catalyst ink (0.1 mg mL À1 ) on zero background silicon single crystal sample holders. Hysteresis loops of the compact and mesoporous NWs (while still embedded in the template) were measured at room temperature using a vibrating sample magnetometer from Micro-Sense, with a maximum external magnetic eld of 20 kOe, applied either along or perpendicular to the NW axis direction.
In order to determine the electrochemical surface area (ECSA), a catalyst ink was prepared by ultrasonically dispersing 1.0 mg of Pt-based NWs in 2 mL of ethanol and 8 mL of Millipore water for 10 min. Subsequently, 3 mL (Â2) of the suspension was pipetted on top of the glassy carbon electrode (0.0314 cm 2 ) and, then, dried under nitrogen ow. This results in a homogeneous coating of NWs, which was used as the working electrode. The ECSA values of the Pt-based NWs were obtained by integrating the charge associated with the adsorption and desorption of hydrogen atoms in cyclic voltammetries recorded in 0.5 M H 2 SO 4 at 20 mV s À1 at 25 C. 40 An Ag/AgCl/KCl (3 M)/H 2 SO 4 (0.5 M) electrode and a Pt spiral were used as the reference and counter electrodes, respectively.
Catalytic activity
The catalytic activity of the Co-Pt NWs was established by the efficiency of the catalysis of the hydrogenation reaction of 4-nitrophenol. Two different reaction approaches were investigated:
(i) Electroreduction. Chronoamperometric curves were recorded at a constant potential in a 0.7 mM 4-nitrophenol + 1 M H 2 SO 4 solution in order to promote the electroreduction of 4-nitrophenol in the presence of a working electrode containing the Co-Pt NWs. The electrode was prepared by placing a drop of the NW suspension on the surface of a glassy carbon layer and allowing it to dry. An Ag/AgCl/KCl (3 M) electrode and a Pt spiral were used as the reference and counter electrodes, respectively. The 4-nitrophenol was reduced, under magnetic stirring conditions.
(ii) Chemical reduction. Based on the use of an aggressive agent (NaBH 4 ) to reduce the 4-nitrophenol in the presence of the Co-Pt NWs (catalysts). For this experiment, 300 mL of 4-nitrophenol (0.7 mM solution) was diluted with 1 mL of Millipore water, followed by the addition of 1 mL of freshly prepared ice-cold NaBH 4 solution (0.5 M), and a given amount of the prepared catalyst ink (0.1 mg mL À1 ).
Importantly, three different reaction conditions were pursued:
(a) Silent, where no specic actuation was carried out during the reduction reaction.
(b) Ultrasound stirring, where NWs were subjected to sonication with a ashing (with 3/3 s ON/OFF cycles) ultrasonic power of 4 W L À1 during the reduction reaction.
(c) Magnetic stirring, where NWs were magnetically stirred using a rotary magnetic eld (with a maximum applied eld of 400 Oe at 20 Hz -magnetic stirrer RH digital -IKA®) during the reaction time.
All the experiments were conducted at 25 C.
Note that taking advantage of the well-dened absorption peak of 4-nitrophenol at a wavelength of 400 nm, in both types of reactions the temporal evolution of the catalytic reaction was tracked ex stiu by UV-visible spectroscopy in a quartz cuvette using a UV-1800 Shimadzu UV-visible spectrophotometer.
Results and discussion
It has been recently shown that magnetic mesoporous NWs with various aspect ratios, with diameters comprised between 100 and 200 nm, can be easily synthesised by means of electrodeposition in the presence of ionic liquid microemulsions. During the synthesis, these microemulsions become conned in the nanochannels of polycarbonate or alumina membranes, acting as a so-template and dening the NW morphology. 39 However, the microemulsion approach for electrosynthesising mesoporous NWs of diameters lower than 100 nm can be rather challenging since, at this length scale, the diameter of the nanochannels becomes commensurate with the hydrodynamic diameter of the ionic liquid droplets in the IL/W microemulsion. Moreover, the higher viscosity of the IL/W microemulsion compared to that of the aqueous solution makes the process even more complex since it tends to hinder the proper penetration of the precursor into the small pores of the membrane.
To grow the narrow mesoporous NWs we follow the synthetic strategy schematically described in Fig. 1 , where the porous alumina membrane is dipped in the IL/W microemulsion for at least 15 min prior to electrodeposition to ensure good diffusion of the IL/W precursor into the narrow holes of the membrane.
Chronoamperometric curves of the synthesis (Fig. 1S †) show that under stationary conditions the current evolves quickly to quasi-stationary values, which reects a constant growth regime. The chronoamperometric curves reveal that longer times are necessary to attain the same deposition charge density (2.1 C cm À2 ) in the case of the microemulsions than in the case of the aqueous electrolytic solutions. Namely, the deposition rate is higher in aqueous solution due to the lower viscosity and relatively higher conductivity of the medium (Table 1) . Importantly, the chronoamperometric curves for the IL/W microemulsion case indicate that the microemulsion medium lls the nanochannels of alumina membranes despite its high viscosity, leading to a steady and homogeneous growth, but with a lower stationary current density in comparison with that of the aqueous solution case (with lower viscosity).
As can be seen in Fig. 2 , the compact and mesoporous NWs are straight and the diameters are between 23 and 27 nm, which are in the same range as those of the pores of the original alumina membranes (Fig. 2S †) . Careful observation of the mesoporous NWs (Fig. 2b) conrms that there are mesopores homogeneously dispersed all over the entire area of the NWs. The pore size was statistically measured to be approximately 2.6 AE 0.8 nm. The length of both kinds of NWs can be effectively controlled by adjusting the electrodeposition time, where the growth rates were 5.3 and 1.6 nm s À1 for the compact and mesoporous NWs, respectively. Therefore, the IL/W microemulsion approach proves to be a successful strategy to synthesise uniform thin ($25 nm) mesoporous NWs by electrodeposition. Note that the size of the ionic liquid droplets ($9 nm) is slightly larger than that of the pores ($3 nm) observed in the mesoporous NWs (Fig. 2c) . This is not surprising as the pores are dened by the size of the ionic liquid droplets, which are actually smaller than the hydrodynamic diameter determined by dynamic light scattering. Given the importance of the uniform distribution of Co and Pt ions in the stability and catalytic performance, elemental mapping of Co-Pt NWs was performed using TEM-energy dispersive X-ray spectroscopy (TEM-EDS), as shown in Fig. 3Sa and b. † It can be clearly seen that Co and Pt were homogeneously distributed in the entire area of compact and mesoporous NWs, indicating even electrodeposition.
The X-ray diffraction (XRD) patterns of both compact and mesoporous NWs are very similar, indicating the presence of the same crystalline phases (Fig. 4S †) . Quantitative XRD prole analysis (see ESI, Fig. 4S †) reveals that the NWs are composed of two different nanocrystalline phases: (i) fcc CoPt 3 , with an average crystalline domain size of around 11-12 nm, and (ii) hcp CoPt, with a crystalline domain size of about 5 nm. Note that a CoPt 3 fcc + CoPt hcp phase mixture has also been reported for electrodeposited CoPt lms prepared using similar electrolytic baths. Importantly, this implies that the bath determines the crystalline structure of the Co-Pt alloy, even in the interior of narrow pores. 41 Moreover, the composition of both types of wires (compact and mesoporous) is rather similar, $Co 70 Pt 30 (Table 1S †) . Thus, the incorporation of the ionic liquid droplets into the electrolytic bath to form the microemulsion does not modify the crystalline structure or the composition, although the growth rate of the NWs is lower in the microemulsion system. Additionally, the fast Fourier transform of the lattice fringes in the high-resolution TEM (HR-TEM) images ( Fig. 3Sc and d †) conrms the presence of two different phases: CoPt 3 fcc and CoPt hcp. From the magnetic viewpoint, the fully-dense and mesoporous NWs show semi-hard ferromagnetic properties dominated by shape anisotropy (Fig. 5S †) , induced by the large aspect ratio of the wires (940 nm/25 nm ¼ 37.6). As expected, the magnetic easy axis is along the nanowire axis. The coercivity values along and perpendicular to the nanowire axis are around 1800 Oe and 1400 Oe, respectively, for the compact and mesoporous NWs. Slightly smaller values are obtained in the mesoporous NWs, although the shape anisotropy is still preserved in spite of the existing nanoporosity.
Furthermore, to conrm the high effective area due to the mesoporous structure, we investigated the electrochemical surface areas (ECSAs) of the NWs (Fig. 6S †) . The specic values of the mesoporous NWs (Table 1) show a reasonably large surface area (331 m 2 g À1 ) with respect to that of the compact ones (86 m 2 g À1 ).
The reduction of 4-nitrophenol is rst attempted by electrocatalysis. This approach avoids the use of aggressive reducing agents such as sodium borohydride. However, the electrochemical reduction of nitro-aromatic compounds is complicated as a consequence of the various chemical transformations involved in the process, which are strongly dependent on pH, solvent and catalytic nature. [42] [43] [44] [45] Nonetheless, in protic media, the predominant reduction product is either aminophenol and/or aniline, depending upon the strength of the acidic medium, [46] [47] [48] while in aprotic media it is 4-hydroxylaminophenol. For example, in an acidic electrolyte (10% H 2 SO 4 ), nitrophenol is reduced to aminophenol in a virtually quantitative yield. 49, 50 Therefore, based on the previously reported results from the literature, a potential of À0.35 V vs. Ag/AgCl/KCl (3 M)/H 2 SO 4 (0.5 M) was selected to explore the electroreduction of 4-nitrophenol in acidic media (1 M H 2 SO 4 ). 51, 52 Therefore, in order to use Co-Pt NWs for an effective electrochemically catalysed hydrogenation of 4-nitrophenol, it is important to evaluate their stability, as well as their catalytic activity and chemoselectivity in this aggressive environment. Moreover, for comparison, pure Pt and Co mesoporous NWs were also employed. . 3a shows the chronoamperometric curves of the electroreduction of 4-nitrophenol using compact or mesoporous NWs. It can be seen that a signicantly higher current density is registered when mesoporous NWs are used as electrocatalysts due to the high active surface area. For this experiment, 300 mL of the reactant solution was basied with KOH (5 M) and diluted to 2 mL before registering the UV-visible spectra. The reaction kinetics can be easily monitored from the time-dependent absorption spectra (Fig. 3b-d) , which shows the expected prole (Fig. 7S †) , in which the absorption peak at 400 nm ascribed to nitro-compounds decreases, while the 4-aminophenol peak at 304 nm concomitantly develops. This is accompanied by a change in the colour of the solution from yellowish to colourless. As shown in Fig. 3a , no signal could be detected when Co mesoporous NWs were used. This is expected since a sulphuric acid medium attacks and dissolves these Co nanostructures. Consequently, pure Co mesoporous NWs could not be used as electrocatalysts in an acidic environment. As shown in Table 2 , the required time for the total reduction (i.e., no detection of 4-nitrophenol in the UV-visible spectra) is rather short for both the Pt and Co-Pt catalysts. However, during the electrocatalysis, two more peaks can be identied at 317 nm (a considerably large peak) and 504 nm (a weak peak), indicating the formation of other by-products. As shown in Fig. 3b the use of mesoporous Pt NWs delivers high catalytic activity, but rather poor chemoselectivity as the peak at 504 nm is signicantly larger than that obtained when Co-Pt NWs were used as electrocatalysts. Therefore, the use of Pt-based alloys can maintain catalytic activity, while increasing chemoselectivity. Note that Pt-group metals are well known to allow high catalytic activity although with relatively poor selectivity, whereas transition metal-based catalysts deliver high chemoselective hydrogenation of nitro-aromatic compounds.
Therefore, Co-Pt compact and mesoporous catalysts exhibited excellent electrocatalytic performance with high catalytic activity for the electrocatalytic reduction of 4-nitrophenol and relatively moderate selectivity to 4-nitrophenol. Importantly, the mesoporous morphology shows an almost 5-fold improvement in the reduction times as compared to that of the compact ones, as expected from the increased surface area. Moreover, in order to demonstrate the stability, recyclability and durability of the NWs, even in the acidic environment, the cyclic voltammetries (CVs), and elemental analysis of the NWs aer being used as electrocatalysts, were also registered, since cobalt or cobalt oxides could be dissolved. However, non-signicant changes in ECSA (Fig. 8S †) values are observed ( Table 2 ). As could be seen, the Co content of the NWs decreases slightly as a result of the dealloying (i.e., leaching of the surface Co atoms) in this acidic environment. However, these variations are not signicant, since aer the 6 th -six set of cycles, the Co content was only reduced by 18% and 7% for compact and mesoporous NWs, respectively. Nevertheless, dealloying could be a limiting factor for Co-Pt NWs aer a large number of uses. Thus, given the fast reduction time and the excellent recyclability, mesoporous NWs present a viable catalytic material for the hydrogenation of 4-nitrophenol by electrocatalysis. Importantly, this approach, despite the moderate selectivity, can be considered more environmentally friendly than conventional catalysis since it avoids the use of the strong reducing agent NaBH 4 .
The catalytic performance of NWs is also investigated by standard catalysis using NaBH 4 , where three different reaction conditions are investigated: silent, intermittent ultrasound and magnetic stirring (20 Hz) (see Fig. 4) . Therefore, the use of compact or mesoporous and magnetic or non-magnetic nanostructures allow us to establish the inuence of surface area and magnetic actuation on the hydrogenation of 4-nitrophenol. In all cases, 12 mL of a NW suspension (0.1 mg mL À1 ) were added to the reactant solution. As can be seen in Fig. 5 and 9S, † the intensity of the peak in the UV-Vis corresponding to the nitrocompound tends to decrease with time until it is no longer observed, revealing the end of the reduction process. This occurs at different times depending on the material type and experimental conditions. Concurrently, as the peak for 4-nitrophenol decreases, a peak at 304 nm (corresponding to 4-aminophenol) appears. However, in contrast to the electrocatalysis case, here no other by-products are detected, thus evidencing the high selectivity of this approach. Remarkably, the mesoporous NWs exhibit considerably shorter reduction times than those of the compact ones in all three conditions. In particular, the Co-Pt mesoporous NWs under magnetic stirring conditions present exceptional performance. Since in this catalytic reaction the kinetics can be considered pseudo-rst-order with respect to 4-nitrophenol owing to the great excess of NaBH 4 concentration, the reaction rate is roughly independent of the NaBH 4 concentration. This allows obtaining the kinetic rate pseudo-constants of the different conditions. Fig. 6 and 10S † display the logarithmic plot of the absorbance (Àln(A/A 0 )) as a function of the reaction time, from which the apparent kinetic rate constant (k app ) can be calculated. The apparent kinetic rate constant is not proportional to the total surface area of the NWs, as the bimetallic character and porosity provide synergetic effects to the catalytic reduction. Meanwhile, the normalized rate constant (k nor ) is also determined, which is associated with the amount of the catalyst (k nor ¼ k app /m catalyst ). As listed in Table 3 , the k app value of mesoporous Co-Pt NWs is 5.7 ms À1 , which is about 3 times higher than that of the compact ones (1.8 ms À1 ). Remarkably, the normalized rate constant under silent conditions for Co-Pt mesoporous NWs is slightly higher than that of the pure Pt mesoporous NWs and signicantly higher than that of pure Co mesoporous NWs. This improved catalytic activity could be attributed to the surface structure (bifunctional nature of the catalyst surface, reduction of Pt-Pt distances, and suppression in d-band centres, amongst others) and the synergetic effects of Co and Pt. [53] [54] [55] [56] In addition, intermittent ultrasound enhances the catalytic performance in all cases as a consequence of the mass transport improvement. On the other hand, magnetic actuation considerably improves the performance only in the case of magnetic catalysts, Co and Co-Pt, whereas for the nonmagnetic Pt catalyst the change is negligible. This indicates that magnetic actuation improves catalytic activity as a result of the movement of the nanowires in the rotating magnetic eld, which facilitates the contact between the reagent and the catalyst surface. Therefore, the application of a magnetic eld does not necessarily promote the kinetics of this catalysed reaction, but greatly improves the mass ow.
In addition, when comparing k nor of the mesoporous NWs under magnetic stirring conditions with state-of-the-art catalysts for the 4-nitrophenol reduction reaction (Table 2S †) , it is evident that the Co-Pt mesoporous NWs clearly outperform the other catalysts with more than 8 times better k nor than that of the next-best catalyst. [57] [58] [59] [60] [61] [62] [63] [64] Moreover, the fact that the mesoporous NWs are Co-rich implies that they are considerably more inexpensive than many of the other proposed catalysts, usually based on expensive noble metals, like Pt, Ag or Au.
Finally, it is worth emphasizing that both, compact and mesoporous NWs, exhibit excellent recyclability without signicant reduction in the conversion even aer eight cycles (Fig. 11S †) , in which the same stiff limit for each catalyst and conditions are maintained for completion of the reaction. These results clearly prove that CoPt mesoporous NWs under magnetic stirring conditions are extremely efficient catalysts for the 4-nitrophenol reduction. Moreover, the elemental composition and electrochemical surface area of Co-Pt NWs aer eight cycles (Table 4) were essentially constant, which, combined with the virtually unchanged catalytic activity, demonstrate their excellent stability. This combined with their cost-effectiveness and their excellent recyclability make Co-Pt mesoporous NWs a very viable option for their commercial exploitation in wastewater cleaning compared with other catalysts.
Conclusions
Summarizing, we have shown that IL/W microemulsions in alumina templates can be used as an efficient way to synthesize uniform mesoporous magnetic Pt, Co and Co-Pt NWs with diameters as small as 25 nm, despite the high viscosity of the microemulsion and the commensurability between the template pores and the ionic liquid droplets. Moreover, the Co-Pt mesoporous NWs have been demonstrated to be excellent catalysts for the reduction of highly toxic 4-nitrophenol both by electrocatalysis and by conventional catalysis (using NaBH 4 ). In the case of electrocatalysis, despite the mesoporous NWs showing only moderate selectivity, the process can be considered as more environmentally friendly since it avoids the use of NaBH 4 . On the other hand, the catalytic activity of the mesoporous NWs when used together with NaBH 4 depends markedly on the reaction conditions (silent, ultrasound and magnetic stirring). Actually, the performance of the magnetically actuated mesoporous NWs is far better than the existing catalysts for the reduction of 4-nitrophenol. Moreover, given their magnetic character, these mesoporous NWs are readily recyclable without the loss of catalytic activity for both types of reduction processes. The Co-Pt mesoporous NWs have been demonstrated to be very powerful catalysts (outperforming even pure Pt mesoporous NWs) not only due to their very high active surface area, but also as a consequence of their alloyed character. Namely, the presence of cobalt in the alloy (i) confers the NWs with a magnetic character, allowing magnetic actuation, (ii) enhances the catalytic activity and chemoselectivity and (iii) implies signicant economical savings with respect to the use of pure Pt catalysts. These results pave the way to develop highly efficient catalysts to commercialize new viable wastewater treatment approaches. 
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